Hydrolysates of cod viscera were tested as an alternative to commonly used complex nitrogen sources (peptones and/or extracts) for the type strains of the lactic acid bacteria Lactococcus lactis, Lactobacillus acidophilus, Lactobacillus helveticus, Lactobacillus casei, Lactobacillus sakei and Pediococcus pentosaceus. Comparative studies with MRS-like media containing different nitrogen sources showed that all the fish hydrolysates performed equally well or better than commercial extracts/peptones for all selected lactic acid bacteria.
Introduction
Lactic acid bacteria (LAB) are important, fastidious food bacteria, which need rich growth media containing compounds such as amino acids, peptides, fatty acids, vitamins and nucleic acids. These compounds are usually provided in the form of a complex nitrogen source. For example, the standard laboratory medium for lactobacilli (MRS [1] ), contains 22 g/L of a mixture consisting of a peptone (protein hydrolysate) and extracts from meat and yeast. Because of outbreaks of bovine spongiform encephalopathy (BSE) [2] , and a growing demand for raw materials that are kosher approved and certified free of swine flu, there is a growing interest in alternative non-bovine/non-porcine complex nitrogen sources.
The use of fish materials as a source of nutrients for microorganisms was reported as early as 1949 [3] . Since then, several attempts to explore the use of fish peptones as a component of microbial growth substrates have been reported [4] [5] [6] [7] [8] [9] [10] [11] . Recently, we have shown that hydrolysates of cod viscera, a hitherto scarcely explored, but abundant, raw material, perform well in standard growth media for several types of bacteria, including Lactobacillus sakei, the most fastidious of all LAB [12] . In the present study, we have further explored the potential of these new types of fish hydrolysates for growing LAB, by analyzing growth of type strains of several industrially relevant LAB on MRS-like media containing different complex nitrogen sources.
Materials and methods
Sterile filtered (0.22 lm-Steritope, Millipore, USA) fish viscera hydrolysates were produced by hydrolysis of cod viscera with endogenous enzymes at neutral pH (''Endo''), in some cases supplemented with Alcalase (Novozymes, Denmark; ''Alc'') or papain (Biochem Europe, Belgium; ''Pap''), as described by Aspmo et al. [13] . Special measures were taken to create non-oxidizing conditions (full reaction vessels, use of degassed water). The following commercial nitrogen sources were used: Bactoe Tryptone (Beckton Dickinson, USA), Bactoe Soytone (BD), Bactoe Yeast Extract (Oxoid, UK), Lab lemco (Oxoid), L37 Bacteriological peptone (Oxoid), S490-70 salmon peptone (Seagarden, Norway) and Peptone F from cod silage (Maritex, Norway). Media were prepared according to the recipe for commercial MRS (as provided by Oxoid.com), but with only 5 g/L (instead of 22 g/L) of nitrogen containing components. This low concentration was selected after initial trial experiments had shown that a concentration of 5 g/L was sufficiently high to permit normal growth (i.e., in the same range as growth on standard MRS medium), while being sufficiently low to permit detection of differences in the growth performances of the nitrogen sources. The media contained (g/L): glucose, 20.0, dipotassium hydrogen phosphate, 2.0, sodium acetate AE 3H 2 O, 5.0, triammonium citrate, 2.0, magnesium sulphate AE 7H 2 O, 0.2, manganese sulphate AE 4H 2 O, 0.05, complex nitrogen source, 5.0 and Tween 20, 1 ml/L. The pH was adjusted to $6.1 with 1 M NaOH for all media components (peptone, salt-mix and glucose solutions) before autoclaving.
Cultures (in triplicate) were started by inoculating 330 ll medium with 5 ll inoculum from a culture in late exponential growth phase, grown on standard MRS (Oxoid, UK). Growth curves were monitored by measuring the optical density (OD 600 ) of the cultures every 15 min in a Bioscreen C apparatus (Labsystem, Helsinki, Finland). Before each measurement, the culture containing plates were shaken for 5 s at medium strength setting. The maximum cell density, maxOD 600 , was determined as the growth curves reached stationary phase. To determine maximum growth rate, l max , growth curves were constructed by plotting ln (OD 600 ) against incubation time. To determine the maximum specific growth rate, l max = Dln (OD 600) /Dt, growth rates were determined for all sets of two consecutive measurements, i.e., between two time points (usually 15 min apart). The l max for one growth experiment was defined as the average of the two highest of these growth rates.
Type strains were selected from the ATCC culture collection and grown at recommended temperatures. Lactococcus lactis ATCC 15346, Lactobacillus acidophilus ATCC 4356B, Lactobacillus helveticus ATCC 15009, Lactobacillus casei ATCC 334B and Pediococcus pentosaceus ATCC 33314 were grown at 37°C, while Lactobacillus sakei ATCC 15521 was grown at 30°C.
Total nitrogen and carbon contents were determined using a Dumas instrument (AOAC 990.03). For Dumas analysis tin cups with 80 ll samples were dried in an excicator over night, closed, and exposed to combustion in the Dumas instrument. Amino nitrogen was determined by triplicate measurements according to the method described by Nielsen et al. [14] . For the determination of the percentage of dry matter, samples were weighed before and after drying in air at 105°C for at least 16 h. Ash percentages were calculated by reweighing the samples subsequent to a 16 h incubation of the dried matter at 550°C.
Results
Seven LAB were grown on ten MRS-like media only varying with respect to the complex nitrogen source, present at a concentration of 5 g/L (as opposed to 22 g/L in standard MRS). The chemical compositions of the 10 different nitrogen sources, three hydrolysates of cod viscera and seven commercial peptones are presented in Table 1 . The nitrogen contents of the commercial media varied between 9.4% and 15.2%. The nitrogen contents of the cod viscera hydrolysates were between 11.5% and 12.8%. The commercial Peptone F from cod silage contained 13.2% nitrogen. The a-amino content varied from 1.5% for Soytone (BD) to 5.2% for Peptone F.
An example of growth curves obtained is depicted in Fig. 1 , whereas all results, in terms of maximum cell density (maxOD 600 ) and specific growth rate (l max ) are depicted in Tables 2a and 2b , respectively. The results show that the peptones derived from cod viscera (The Endo, Pap, and Alc hydrolysates) outperform the commercial peptones/extracts for all LAB except Lb. casei.
In the case of Lb. casei, only Alc outperformed the non-fish peptones, while the other fish peptones showed poor performance. The Endo, Pap and Alc hydrolysates were produced from the same raw material, and have similar amino acid compositions [12] . Nevertheless, media containing these hydrolysates showed clear differences in growth performance. In all cases, Alc outperformed the other two hydrolysates (as well as the two commercial fish peptones), and in several cases the difference between Alc and the other two is huge, especially in terms of max-OD 600 (e.g., for Lb. casei, Lb. sakei and Lb. helveticus). The choice of proteolytic enzyme thus clearly affects the growth performance that may be obtained when using peptones derived from the same raw material.
Discussion
The superior performance of peptones obtained with Alcalase may be explained in several ways. One explanation is that Alcalase leads to optimal uptake of the available amino acid resources because this endoproteaseÕs activity is most complementary to the bacteriaÕs proteolytic and peptide-uptake systems [15] . We have previously shown that Alc, Pap and Endo have different peptide profiles, with Alc having a higher content of short peptides [12] and, accordingly, a higher content of a-amino groups (Table 1) . Another possible explanation is that the Endo and Pap peptones contain peptides, which are inhibitory for some of the tested strains, and which are broken down (or never emerge) in hydrolysates obtained with Alcalase [16] . Hydrolysates of fish viscera produced under oxidizing conditions (S.I. Aspmo and S.J. Horn, unpublished observations) were inferior to the hydrolysates produced here, indicating that preservation of vitamins [17] , antioxidants or unsaturated fatty acids [18] may also be of importance for peptone quality. Direct measurements of optical density in a Bioscreen apparatus provide values which cannot be compared directly to values obtained when measuring in a spectrophotometer, mainly because the cultures cannot be diluted such as to yield accurate OD 600 values (that is in the range below 1.0 [17] [18] [19] ). Because of loss of linearity at OD 600 values above 1, the real maxOD 600 values are much higher than the values of 1.7-2.0 recorded in the Bioscreen apparatus [19] . However, Fig. 1 and the data presented in Tables 2a and 2b show that the Bioscreen experimental set-up permits clear discrimination between the various peptones, which was the purpose of the present study.
For several strains, the performance of the medium containing 5 g/L Alc was almost as good as the performance of commercial MRS, indicating that Alc and related hydrolysates are promising complex nitrogen sources for LAB. The use of fish viscera-derived peptones may reduce the need for meat-derived nitrogen sources in fermentation of LAB. The use of fish viscera-based peptones may facilitate kosher approval of LAB applications, may abolish BSE related problems, and generally allows the LAB to grow well on media containing reduced peptone concentrations.
